INTRODUCTION
============

Osteoarthritis is the most common joint disease in the world and the most frequent cause of chronic musculoskeletal pain.[@B1] In 80-90% of the cases, osteoarthritis begins in the medial compartment and tends to remain unicompartmental. ^(^ [@B2] There are different types of surgical treatment for single compartment osteoarthritis, including Total Knee Arthroplasty (TKA), High Tibial Osteotomy or Unicompartmental Knee Arthroplasty (UKA), when conservative treatments are not responsive. Oxford Phase 3 UKA, was introduced in 1998 by Murray and Goodfellow et al. ^(^ [@B3]

Many advantages of the UKA are mentioned in the literature, including: minimally invasive incision, preservation of the anterior and posterior cruciate ligaments, fewer bone cuts, less postoperative blood loss and pain, better functional outcomes, reduced hospitalization time, lower costs and faster and earlier rehabilitation.[@B4] ^),\ (^ [@B5] Its disadvantages include surgical technical difficulties and experience requirements. ^(^ [@B4] ^)-\ (^ [@B7] Additionally, higher revision rates have been reported for UKA compared to total knee arthroplasty (TKA). ^(^ [@B8] Improper patient selection and implant malpositioning may be responsible for this high rate. ^(^ [@B5] ^),\ (^ [@B7] ^),\ (^ [@B9]

With the development of implants, component materials, surgical fixation techniques, and the definition of correct indications and correct patient selection criteria, positive results have been recorded for UKA in the last 20 years. ^(^ [@B6] ^),\ (^ [@B10] ^),\ (^ [@B11]

All surgeons must analyse the pitfalls and underlying clinical and radiological reasons for early failure of UKA before performing this procedure. However, as the surgeons' experience increases, their surgical technique improves, ensuring a more accurate implant positioning. We aimed to evaluate radiological and clinical results and determine the factors that affect the functional outcome of Oxford Phase 3 unicompartmental knee arthroplasty cases. This study also intends to be a helpful tool for surgeons, identifying the causes of early failure of UKA.

MATERIAL AND METHODS
====================

Participants
------------

In this retrospective study, we analysed 52 knees of 49 patients who underwent Oxford Phase 3 unicompartmental knee arthroplasties (Oxford Partial Knee, Biomet Orthopaedics, Bridgend, UK) for anteromedial osteoarthritis. These surgeries were performed by the last author (TT) or under his control, in the Orthopaedics and Traumatology Clinic of the Istanbul Training and Resarch Hospital, between 2011 and 2016. The inclusion criteria were: presenting non-inflammatory arthritis with an intact anterior cruciate ligament, passively correctable angular deformity under 10º varus and 5º valgus, flexion deformity under 15º and no lateral compartment involvement. Patients with a minimum follow-up of 2 years were included. This study was approved by the Research Ethics Committee (ID:47 date:07/06/2016). All patients who took part in this study signed forms of informed consent, agreeing to its publishing.

Clinical and radiological evaluation
------------------------------------

As part of the preoperative radiological evaluation, we assessed weight-bearing anteroposterior and flexed lateral knee X-rays, patella tangential X-rays, varus-valgus stress X-rays and orthoroentgenograms. Preoperatively, all 52 knees underwent MRI examinations. The groups divided according to the presence of patellofemoral arthrosis (PFA) were based on its grading shown in the Magnetic resonance imaging (MRI). Postoperatively, we performed orthoroentgenograms, weight-bearing anteroposterior and flexed lateral knee X-ray imaging.

For the evaluation of the patients, pre and postoperatively, we used the Knee Society Score (KSS) and functional Knee Society Score (fKSS), the Oxford Knee Score (OKS) and the visual analogue scale (VAS). The range of motion (ROM) was also recorded for each patient pre and postoperatively. Additionally, the body mass index (BMI) and the presence of patellofemoral arthrosis (PFA) were documented. In the radiological evaluation, we assessed the posterior tibial slope (PTS), the tibial plateau angle (TPA) and the femorotibial angle (FTA), besides using the Oxford radiological criteria ([Table 1](#t1){ref-type="table"}) ([Figure 1](#f1){ref-type="fig"}). Preop and postop FTA are measured by the angle between the two lines drawn from the centers of the femur and tibia, which start 10 cm above and below the joint line. Preop and postop PTS are defined by the angle between the tibial anatomical axis and the line drawn tangentially to the medial tibial plateau on the lateral radiographs. The preop TPA is the angle between the tibial plateau and the tibial anatomic axis, whereas the postop TPA is measured between the tibia anatomic axis and the tangential line of the medial plateau implant cuts. Two authors (AEP and TG) assessed all images and measured all angles independently. The images were blinded, and their order was randomized. When there was a disagreement between the examiners, re-evaluations were made until a consensus was reached. Patients were grouped according to their ages, follow-up time, BMI, varus-valgus and flexion-extension positions of the femoral component, FTA, PTS, TPA, PFA presence in MRI, occurrence of complications and revision surgeries. The clinical and postoperative ROM results of these groups were statistically compared.

Table 1Oxford radiological criteria. DescriptionCriterionFemoral component  A/AVarus/valgus angle\< 10° varus to \< 10° valgusB/BFlexion/extension angle\< 5° flexion to \< 5° extensionC/CMedial/lateral placementCentralDPosterior fitFlush/ \< 2 mm overhangTibial component  E/EVarus/valgus angle\< 10° varus to \< 5° valgusF/FPosteroinferior tilt7° ± 5°GMedial fitFlush or \< 2 mm overhangHPosterior fitFlush or \< 2 mm overhangJAnterior fitFlush or \< 3 mm overhangKLateral fitFlush, no gap[^3]

Figure 1Postoperative correct positioning of unicompartmental knee arthroplasty according to Oxford radiological criteria.

Statistical analysis
--------------------

For the statistical analysis, we used the SPSS 15.0 software for Windows. The ratio of categorical variables in the groups was tested by Chi-square analysis. The Monte Carlo simulation was applied when the conditions were not met. Because the numerical variables presented no normal distribution, two independent group comparisons were made using the Mann-Whitney U test and the Kruskal Wallis test in all groups. Subgroup analysis was done using Mann-Whitney U test and interpreted by Bonferroni correction. The relationships between numerical variables were examined by Spearman correlation analysis, since the parametric test conditions were not provided. The Cox Regression Analysis Forward Method was used in the model, based on the factors that could affect the revision rates. Statistical significance level alpha was accepted as p \< 0.05.

RESULTS
=======

In total, 40 patients (81.6%) were women and 9 (18.4%) were men. Their mean age was 60 years (in a range of 49-80), and their mean BMI was 34.6 (in a range of 22-56.9). Two (3.8%) of the patients had normal weight (BMI below 25 kg/m^2^), 11 (21.2%) were overweight (BMI, 25-29.9 kg/m^2^), 31 (59.6%) were obese (BMI, 30-34.9 kg/m^2^) and 8 (15.4%) were morbidly obese (BMI ≥ 35 kg/m^2^). The left knees of 21 patients, the right knees of 28 patients and both knees of 3 patients underwent UKA. The mean follow-up period of the patients was 48 months (ranging between 24 and 72 months). The average OKS, KSS and *f*KSS scores improved significantly, from 12.7, 43.3 and 34.8 in preoperative measurements to 37.8, 85.7 and 82 in postoperative measurements, respectively, and the mean VAS scores decreased from 9 to 2.6. Additionally, ROM improved from 111° to 123° ([Table 2](#t2){ref-type="table"}).

Table 2Pre and postoperative scores. PreoperativePostoperativepROM 111.2 ± 12.6 (90-130)123.6 ± 14.6 (75-135)\< 0.001KSS 43.3 ± 9.7 (17-69)85.7 ± 19.9 (31-100)\< 0.001n (%)Excellent-40 (76.9) Good-5 (9.6) Fair2 (3.8)2 (3.8) Poor50 (96.2)5 (9.6) f KSS 34.8 ± 19.0 (0-90)82.0 ± 24.4 (0-100)\< 0.001n (%)Excellent1 (1.9)38 (73.1) Good1 (1.9)7 (13.5) Fair2 (3.8)2 (3.8) Poor48 (92.3)5 (9.6) OKS 12.7 ± 7.8 (0-32)37.8 ± 10.4 (7-48)\< 0.001n (%)Severe43 (82.7)6 (11.5) Moderate6 (11.5)2 (3.8) Mild3 (5.8)6 (11.5) Normal 38 (73,1) VAS 9.0 ± 1.1 (6-10)2.6 ± 2.9 (0-10)\< 0001[^4][^5]

According to the Oxford radiological criteria, component replacement error was found in 19 (36.5%) patients. The most common error was a defective central placement of the femoral component. However, the most frequent problems in the revised knees were errors in the lateral placement of the tibial component - more than 10° varus or valgus of the tibial component, or more than 10° varus or valgus of the femoral component - and posterior tibial slope defects. All three patients with PTS misplacement underwent revision surgery ([Table 3](#t3){ref-type="table"}).

Table 3Defects and revision percentages according to Oxford radiological criteria.CriterionDefectsRevisionsA. Femoral component \> 10° varus-valgus positioning defect3 (5.7)2 (66.6)B. Femoral component \> 5° of flexion-extension positioning defect4(7.69)-C. Femoral component central positioning defect at coronal plane12 (23)2 (16.6)D. Femoral component posterior fit defect\--E. Tibial component \> 10° varus-valgus positioning defect2 (3.8)2 (100)F. Posterior tibial tilt defect3 (5.7)3 (100)G. Tibial component more than 2 mm medial flush1 (1.9)1 (100)H. Tibial component posterior fit defect\--J. Tibial component anterior fit defect1 (1.9)-K. Tibial component lateral fit defect4 (7.69)3 (75)L. Insert positioning\--[^6]

Patients were grouped according to the following postoperative measured angles: PTS (87° - 79° is normal), FTA (over 175° is varus, 170° - 175° is normal, under 170° is valgus) and TPA (over 90° is valgus, 90° normal, 89° - 85° is minor varus, under 85° is varus). KSS, *f*KSS, OKS, VAS and ROM were compared postoperatively in these groups ([Tables 4](#t4){ref-type="table"} and [5](#t5){ref-type="table"}).

Table 4Preoperative and postoperative mean values.  PreoperativePostoperativepPTS 82.9 ± 1.9 (78-87)84.0 ± 4.0 (76-102)0.074n (%)\> 87-5 (9.6)  87-7951 (98.1)41 (78,8)  \< 791 (1.9)6 (11.5) FTA 179.4 ± 3.0 (174-190)174.9 ± 4.6 (162-185)\< 0.001n (%)\> 17547 (90.4)20 (38.5)  175-1705 (9.6)28 (53.8)  \< 170-4 (7.7) TPA 84.8 ± 2.7 (80-90)88.7 ± 3.7 (72-98)\< 0.001n (%)\> 90-2 (3.8)  90 (normal)4 (7.7)34 (65.4)  85-8925 (48.1)11 (21.2)  \< 8523 (44.2)5 (9.6) [^7][^8]

Table 5Comparison of postoperative clinical scores in the postoperative tibial plateau angle groups Tibial plateau angle\> 90\*90 (normal)85-89\< 85 Ort.SDOrt.SDOrt.SDOrt.SDPROM postop112.531.8124.914.1127.78.211017.70.933KSS postop54.032.588.517.094.76.659.425.20.010f KSS postop45.063.684.419.392.311.758.037.70.048OKS postop21.012.738.89.642.93.326.412.40.014VAS postop6.004.242.242.741.451.926.002.920.020[^9]

The patients, whose mean age was60 years, were divided into three age groups: those younger than 55 years, those between 55 and 65 years, and those older than 65 years. There were no statistically significant differences among these groups. Furthermore, there were no statistically significant differences among the patients grouped according to the presence of PFA, identified by MRI. In the morbidly obese group, the postop clinical scores were significantly lower and the VAS scores, significantly higher, while clinical scores were excellent in the other BMI groups.

Complications developed in five patients (9.6%). Three of the complications were intra-operative eminence fractures and two of them were insert dislocations. The eminence fractures occurred in the first UKA surgery experiences, while the surgeon was making a horizontal tibial cut, and were fixed intra-operatively with two headless cannulated screws ([Figure 2](#f2){ref-type="fig"}). In the subsequent surgeries, a sagittal saw was used to avoid this complication. Two of these patients underwent revision surgeries, 7 months and 45 months after the UKA operation. The eminence fracture healed completely with the revision. Both these patients also had implant misplacement. The other patient with an eminence fracture did not have any implant placement defects and their postoperative functional outcomes were good. Two patients were referred to the authors' clinic because of ROM limitations, and insert dislocations were diagnosed at 3 and 10 months after the operation. Both patients had a history of knee distortion. Radiologic evaluations of the patients with insert dislocation did not reveal any misplacement at implantation, except for the central placement of the femoral component (placed 4 mm or 3 mm laterally). Furthermore, two of the five patients who developed complications were morbidly obese and three of them were obese.

Figure 2Eminence fracture fixed intra-operatively with two headless cannulated screws.

Six (11.5%) of the patients required revision ([Table 6](#t6){ref-type="table"}). The UKA revision rate in the authors' clinic was 11.5%, while the TKA revision rate for the same period was 8%; UKAs performed between 2011-2016 accounted for 4.6% of the knee replacement surgeries conducted during that period.

Table 6Summary of findings on revision patients. PTS\\FFTATPA\\EFem component VARUSVALGUS\\CGJKBMIComplicationRevision CauseRevision timeAgeRevision implant110218378 VARNNN4 mm Posterior1 mm38.7NoneT. loosening + collapse52nd m.53Constrain290N84 VARNNNNN33Eminence fractureT.+F. loosening45th m.65Primer3N183N12 VAR2 mm MedNN1 mm41.6Eminence fractureT. loosening + collapse7th m.58Primer4NNNNNNNN47NoneT.+F. loosening7th m.51Primer5N18398 VALN3 mm Med3 mm MedN2 mm50NoneT. loosening + collapse12nd m.53Constrain67618572 VAR12 VAR3 mm MedNNN49NoneT.+F. loosening12nd m.56Primer[^10]

Using the Cox Regression Analysis, Forward Method, we assessed the age, sex, BMI, presence of PFA, postop TPA, postop FTA, postop PTS, varus and valgus alignment of femoral component and follow-up times, composing a model of the factors that could lead to the need of revision. In this analysis, the postop tibial plateau angle ([Figure 3](#f3){ref-type="fig"}), the postop posterior tibial slope ([Figure 4](#f4){ref-type="fig"}) and morbid obesity were determined as the most significant factors that could lead to revision.

Figure 34th year postoperatively, anteroposterior/lateral X-ray view of unicompartmental knee arthroplasty with tibial plateau angle 8° valgus.

Figure 43rd year postoperatively, anteroposterior/lateral X-ray view of unicompartmental knee arthroplasty with PTS 78°.

DISCUSSION
==========

Although the patient selection process has been shown to be one of the most important factors for obtaining successful outcomes in UKA surgery, there are still some controversial indication criteria.[@B9] ^),\ (^ [@B12] ^),\ (^ [@B13] Kozin et al. were the first to identify the traditional criteria for such indications. They were limited to the patients with medial osteoarthritis over 60 years old, with a body weight under 82 kg, no anterior knee pain and no arthrosis, except for minimal erosive changes in the patellofemoral region. ^(^ [@B12] The indications were then expanded by Berend and Lambordi. ^(^ [@B13] According to these authors, to be eligible for UKA it is sufficient to have posteriorly preserved anterior full-thickness medial cartilage loss, fully correctable varus deformity, full-thickness preserved on the lateral cartilage and a solid anterior cruciate ligament. ^(^ [@B13] The indication criteria of the Oxford Group include knees with medial arthrosis (except inflammatory diseases), a solid anterior cruciate ligament (ACL), flexion contractures under 15 degrees, full-thickness on the lateral cartilage and fully correctable intra-articular varus deformities. ^(^ [@B9] In the present study, the parameters of the Oxford Group were preferred when determining the indications.

The presence of PFA is controversial in the indication criteria. It was a contraindication in previous studies, ^(^ [@B14] but in recent publications this is no longer accepted. ^(^ [@B9] In accordance with the current literature, this study shows that PFA does not affect early and mid-term functional outcome of UKA.

Price et al. reported that the 10-year cumulative survival rate in 52 Oxford UKA patients under 60 years of age was not significantly different from that of patients older than 60 years. ^(^ [@B9] In this study, no statistically significant differences were found among age groups. We believe that the UKA is a suitable method for patients of all ages, provided that the indications are met.

In 2013, Murray et al. demonstrated, with multicenter trials, that there is no reduction in survival rates in patients with high BMI values (such as 45-50). ^(^ [@B15] In this study, while the functional outcomes of patients who were obese, overweight and had normal weight were excellent, those of morbidly obese patients were significantly lower. We believe that it is not appropriate to perform UKA on morbidly obese patients, although it is possible to achieve excellent results in obese and overweight patients with effective planning and correct surgical techniques.

Most authors believe that valgus overcorrection of the varus deformity is the main cause for lateral arthrosis[@B16] and some surgeons recommend that the implants should be placed in the minimal varus position, in order to avoid lateral arthrosis. ^(^ [@B17] Perkins et al. reported that FTA angles greater than 3° varus and 7° valgus decreased the functional results and increased the revision rate. ^(^ [@B18] Consonantly with the literature, in this study the implant placement detected postoperative was 1.5° minor varus. The results were worse in patients whose tibial component position had an angle smaller than 85° (varus) or bigger than 90° (valgus), while the 85° - 90° TPA groups (normal and minor varus) had excellent results. Furthermore, four out of six patients requiring revision presented TPA disturbances. Bruni et al. found an increase in the PTS in the revised knees of 84 UKA patients, due to spontaneous osteonecrosis, so they recommend the avoidance of PTS overcorrection. ^(^ [@B19] All three patients who were diagnosed with PTS misplacement had been submitted to revision. Shakespeare et al. reported that femoral component malalignment did not lead to disorientation in the lower extremity, ^(^ [@B20] but many publications state that this angular deformity could lead to polyethylene wear. ^(^ [@B16] In this study, the group with the femoral component placed more than 10° varus had lower *f*KSS, with a statistically significant difference, and their VAS was significantly higher.

In the Swedish Knee Arthroplasty Register of 2004, which reported a wider number of cases, the most common cause of failure was aseptic loosening of components. ^(^ [@B4] In this study, six (11.5%) patients required revision. For three of them, the reason was the loosening collapse of the tibial and femoral components, while in the other three, it was the tibial loosening and collapse. In five of these cases, what caused the need for revision was incorrect implant positioning, in the case of the other patient, it was caused by morbid obesity ([Table 5](#t5){ref-type="table"}). Moreover, it was seen that BMI, postoperative TPA and postoperative PTS were the most significant factors that could motivate revision.

We found no statistically significant difference between the clinical and radiological outcomes of UKA surgeries performed in the first two years and those of the two subsequent years. However, 60% of the complications and all the revisions occurred during the first two years of UKA surgical experience. This shows the importance of surgical experience.

We understand that the retrospective nature of this study is a limitation. It could be a guide for new surgeons starting to perform UKA surgeries, demonstrating the complications caused by intra-operative eminence fractures, which are not mentioned in the literature. Another factor that attests the value of this study is the insufficient information in the literature about the effect of the PTS angle on implant survival. Multicenter studies should be conducted so that more meaningful results can be obtained, investigating more case series.

CONCLUSION
==========

As the results indicate, implant positioning is a critical factor in the functional outcome and survival rates of UKA. Tibial plateau angle and posterior tibial slope are the radiological parameters that should be particularly considered. In terms of patient selection, UKA is not a suitable option for morbidly obese patients. It may be possible to reduce significantly the revision rates through appropriate patient selection, correct surgical technique and increased surgical experience. If these conditions are met, UKA is a method that can provide excellent results for anteromedial arthrosis in patients of middle and advanced ages.

The study was conducted at Istanbul Training and Research Hospital, Orthopaedics and Traumatology Department.
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